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Lavelle, Darlene Anne, M.S., October 1985 Forestry
Use and Preference of Spotted Knapweed (Centaurea 
maculosa) by Elk (Cervus elaphus) and Mule Deer 
(Odocoileus hemionus) on Two Winter Ranges in Western 
Montana
Director: Dr. E. Earl Willard ^' LAJ '
From December through April of 1985-86, use and 
preference of spotted knapweed (Centaurea maculosa) by 
Rocky Mountain elk (Cervus elaphus) and mule deer 
(Odocoileus hemionus) were investigated on the 
Threemile and Calf Creek game ranges in western 
Montana. Use was assessed from pellet analyses and 
preference data were evaluated from use and 
availability measurements obtained on feeding sites.
Forage value of knapweed on open and forested sites was 
determined by analyzing percent crude protein, fiber, 
and lignin content of the dried flower tops.
Deer consumed knapweed throughout the study period on 
both ranges while elk consumed knapweed only during 
winter. On some feeding sites, knapweed was preferred 
by deer and elk over other plant species. Knapweed 
consumption seemed to be related to its high 
availability.
Crude protein content of knapweed flowers was similar 
for open and forested sites; mean content was 6.6%. In 
forested sites, fiber and lignin contents were 
significantly (P<0.05) higher than on open sites, 
approximately 2% and 4%, respectively. High crude 
protein and low lignin values associated with these 
flower tops indicate that their digestible energy will 
be high. However, since use of knapweed is limited to 
the flower tops and upper stems, the amount of useable 
forage is drastically reduced.
Areas dominated by spotted knapweed were not utilized 
as major feeding areas by deer and elk. Knapweed 
infestations seemed more detrimental to elk than to 
deer because the elk diet consisted mainly of grasses 
(which knapweed has replaced) compared to the evergreen 
shrub and tree diet of deer. Management of elk and 
deer winter ranges with high knapweed densities may 
require herbicide treatment of knapweed, replanting 
with desirable and nutritious rhizomatous grasses, and 
grazing by cattle to prevent the build-up of grass 
litter.
XI
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I. INTRODUCTION
A weed by definition is "any undesired, uncultivated 
plant that crowds out desired ones" (Webster 1972). 
Extensive weed stands on rangelands are the result of past 
disturbances such as overgrazing by domestic livestock and 
cultivation of introduced forage crops. Low elevation 
sites are more accessible, and therefore more susceptible 
to man-caused disturbances and the spread of weedy plants 
than high elevation sites. Displacement of native forage 
by weeds is now an aesthetic and economic problem. One 
weed in particular, spotted knapweed (Centaurea maculosa), 
has invaded many disturbed sites in western Montana. 
Presently, there are no wide-scale, effective methods of 
controlling the spread of this weed.
Several abandoned valley and foothill homesteads in 
Montana are now dominated by knapweed. Two such sites in 
the Bitterroot Valley were purchased in the 1960's by the 
Department of Fish, Wildlife, and Parks for elk (Cervus 
elaphus) and mule deer (Odocoileus hemionus) winter ranges. 
These sites are the Threemile and Calf Creek segments of 
the Bitterroot Wildlife Management Area, and both have 
serious knapweed problems.
Does the presence of knapweed alter elk and deer use 
of these ranges during the winter and spring? A general 
avoidance by these animals of areas dominated by knapweed
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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may suggest a lack of interest in this plant due to low 
forage quality. However, other factors, such as low 
precipitation or human harassment, could also cause 
avoidance. During the winter and spring of 1985-86, the 
forage value of spotted knapweed was assessed by its 
chemical composition and amount of use by elk and deer on 
the Bitterroot state ranges. The objectives of this study 
were: 1) to determine if elk and/or deer were eating
spotted knapweed and preferring it to other forage during 
winter and spring and 2) to assess the forage quality of 
knapweed by chemical analyses on samples collected during 
this time period.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
II. LITERATURE REVIEW
KNAPWEED AS FORAGE
People in western Montana have come to easily 
recognize spotted knapweed. It is a tall, usually shrubby- 
looking biennial forb, that can grow to 1,5 cm tall. The 
weed's first appearance was documented in Ravalli County in 
the 1920's and it is now found in every Montana county 
(French and Lacey 1983). By 1979, knapweed had infested 
875,000 ha in Montana, Idaho, and Washington; 810,000 ha 
were on rangelands in western Montana (Maddox 1979).
Harris and Cranston (1979) found that this weed reduced 
forage production by almost 90% on sites in western Canada, 
and big game winter ranges with knapweed stands are now 
labelled unproductive (Spoon et al. 1983).
Montanans agree that knapweed is a major weed problem, 
but there is much disagreement on its forage value. Do 
animals really eat it? Cattle eat knapweed during the 
plant's early and mid-season growth; goats graze the plant 
when it's actively growing and then select the mature 
flower heads; and sheep select knapweed and prefer it over 
other forage (Spoon et al. 1983). Bohne (1974) reported 
that elk in the South Fork of Fish Creek in western Montana 
grazed on knapweed during the summer and winter months. 
Forage use was 5% and 2%, respectively. Firebaugh (1981), 
also in western Montana, studied the food habits of mule
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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deer on the Larry Creek Winter Range from 1977-79. Spotted 
knapweed made up the greatest percentage of forb use during 
all three years. Percent forage use was 29, 23, and trace 
(less than 0.5%), respectively.
Kufeld (1972) compiled data from 48 food habit studies 
of Rocky Mountain elk in the western United States and 
Canada and listed commonly used forage species. Plants 
representing less than 1% of the diet were not reported and 
averages of all studies were used to classify species by 
value. Knapweed was not on the list. In 1973, Kufeld et 
al. summarized 99 food habit studies of Rocky Mountain mule 
deer and followed the same guidelines as before. Again, no 
knapweed was mentioned. Other food habit studies of elk 
and mule deer in Montana do not mention the use of knapweed 
in their diet (Stevens 1966, Mackie 1970, Morris and 
Schwartz 1957, Lovaas 1958). However, these studies are 
not representative of areas with major spotted knapweed 
infestations.
DETERMINANTS OF FORAGE AVAILABILITY AND QUALITY
Forage quality is based primarily on a forage's 
palatability, digestibility and benefits to rumen 
microorganisms (Wallmo 1980). The reason why a plant is 
palatable to certain species of animals or even to certain 
individuals within a species is often uncertain.
Succulency enhances palatability (Oelberg 1956) and the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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texture of many plants influences whether they are eaten or 
not. Deer select food on the basis of smell and taste; 
sweet, sour, and bitter tastes are ranked in decreasing 
order of palatability (Church 1971).
Cnicin is a bitter-tasting substance present in 
spotted knapweed. Locken (1985) found concentrations of 
cnicin in spotted knapweed in glandular trichomes on tissue 
epidermis. Gland density and cnicin concentrations 
increased from rosette leaves, to stem leaves, and then to 
branch leaves, respectively. All dead leaves contained 
cnicin, proving this substance is not easily leached. Live 
stems, dead stems, flower heads, and roots had no cnicin 
concentrations. Locken (1985) summarized cnicin's primary 
role as that of a protector against herbivores because 
localized concentrations within the plant can result in 
maximum herbivore contact with this bitter substance.
Snow depth can also influence food selection by 
changing a once unpreferred food to a more acceptable one.
^ Skovlin (1982) found that snow depths greater than 61 cm 
changed an elk's diet from herbaceous plants to one 
consisting mainly of browse. This diet change is related 
to the reluctancy of elk to plow through snow and paw for 
buried grasses and forbs (Geist 1982). Leege and Hickey 
(1977) also found that elk moved to poorer forage areas 
when snow depth exceeded 46 to 61 cm.
Moving and foraging in deep and/or crusted snow is
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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energetically costly and therefore avoided by wild 
ungulates whenever possible. Deer, more than elk, avoid 
deep snow and prefer feeding in areas with minimal snow 
cover (Carter 1951). Geist (1981) stated that deer rarely 
paw for food because of this feeding site preference and 
the presence of heavy and crusted snow throughout most of 
the winter. Deer move to areas where conifer cover limits 
and softens snow cover (Bouckhout 1972). Snow depths of 46 
to 51 cm seriously impede mule deer movement (Carter 1951). 
Mature elk can move in loose snow up to 122 cm but snow 
depths over 76 cm greatly hinder calves and weaker animals 
(Gaffney 1941).
The facial differences between deer and elk suggest an 
evolutionary adaptation for particular plants and plant 
community types. The smaller, pointed face of a deer lets 
it pick and choose small plants or plant parts (Short
1981). Individual bites taken by a deer from a plant 
average 0.1 g (Carpenter 1975). In contrast, the wider 
cow-like muzzle of an elk is more adapted for grazing 
entire or nearly entire plants (Jarmon 1974). Therefore, 
during the winter, deer are apt to be found most often in 
forests or along forest edges where food selection is 
highest and snow conditions are most favorable. Elk 
selection of community types can be more versatile and 
unpredictable (Carter 1951) .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Jones and Hanson (1985) reviewed the elk and mule deer 
food habits summary by Kufeld (1972) and Kufeld et al. 
(1973), They infer that deer are influenced more than elk 
by forage availability due to snow cover because of the 
sudden increase of browse use by deer during winter.
Wallmo et al. (1977) concur with this thought by stating 
that woody plants are not suited to a deer's digestive 
tract nor to its nutritional requirements. Deer must feed 
more selectively for easily digested and high protein 
forage than elk (Geist 1981). Deer need quality, while elk 
can benefit from quantity because of their larger rumen in 
relation to their body size (Madson 1986). Once a deer's 
rumen reaches a threshold capacity (digestive tract fill 
limits dry matter and energy intake), deer cannot eat much 
more (Ammann et al. 1973); thus, diets of high fiber and 
low available energy can cause starvation (Wallmo et al. 
1977).
Wallmo et al. (1977) evaluated the nutritional status 
of mule deer habitat in Middle Park, Colorado. They found 
that duration and severity of winters were the most 
important factors in determining deer survival. They 
suggested that habitat evaluations be based on quantifying 
nutrient supplies and their availability rather than 
measuring twig lengths of "key" species.
Protein and energy are the most limiting nutrients
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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during winter (Nelson and Leege 1982), Protein is needed 
daily for tissue replacement, growth, and reproduction 
(Lassiter and Edwards 1982). Elk require a maintenance 
diet consisting of 5 percent protein (Nelson and Leege 
1982) while deer require a maintenance diet of at least 7 
percent protein (Wallmo 1980). A maintenance diet is "one 
that adequately supports an animal doing no vital work, 
making no growth, developing no fetus, storing no fat, or 
yielding no production" (Cullison 1975). This maintenance 
requirement is equal to the nitrogen excreted in the urine 
during starvation and is proportional to body surface 
(Cullison 1975). Since rumen microorganisms can synthesize 
protein from non-protein nitrogen sources, the nitrogen 
content of forage is important (Nelson and Leege 1982).
Firebaugh (1981) analyzed 7 mule deer forages for 
percent crude protein during winter and spring. The winter 
protein content of knapweed flower tops was similar to that 
found in Idaho fescue (Festuca idahoensis) and arrowleaf 
balsamroot (Balsamorhiza sagittata); it was lower than that 
found in elk sedge (Carex geyeri i), chokecherry (Prunus 
virginiana), ceanothus (Ceanothus velutinus), and 
serviceberry (Amelanchier alnifolia). The spring protein 
content was found to be higher than elk sedge, Idaho 
fescue, and ceanothus, but lower than arrowleaf balsamroot, 
serviceberry, and chokecherry. Two values were listed for 
the January knapweed collection for the 2 sites sampled.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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The low value (2.9%) was the protein content of knapweed 
growing on dry upland sites where forage use was minimal 
and the high value (11.6%) was knapweed collected from 
shaded areas where it was less brittle and received heavy 
deer use. Laycock and Price (1970) also found that shaded 
plants are more succulent and contain higher protein 
contents than those growing in full sunlight. The lignin 
content has also been found to be higher in shaded plants 
(Webb 1980). A delay in plant development caused by the 
presence of the forest canopy seemed to be the principal 
factor causing these differences (Laycock and Price 1970).
Since carbohydrates (primarily cellulose) make up 
approximately three-quarters of forage dry matter, they are 
the main source of energy for animals (Lassiter and Edwards
1982). Cell contents of plants (lipids, starches, sugars, 
and proteins) are easily digested and high in energy 
compared to the cell wall components (cellulose, lignin, 
silica, and hemicellulose) (Culli son 1975). Lignin resists 
microbial digestion, and its only value is as a bulk factor 
(Cullison 1975). The degree of lignification of plant 
material affects the digestibility of cellulose (McDonald 
et al. 1973). Cullison (1975) stated that lignin may also 
reduce the digestibility of other nutrients.
Winter browse contains more protein and soluble 
carbohydrates than dead forbs or grasses, but they also 
have higher lignin contents and lower digestibility
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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coefficients (Short 1981). To meet their 7 percent protein 
maintenance requirement, deer need to consume browse twigs 
(Wallmo et al. 1977). In Middle Park, Wallmo et al. (1977) 
found average digestibility of browse to be 34% compared to 
42% for grasses. A 50% digestibility coefficient for 
forage is needed to maintain young deer (Ammann et al. 
1973). Milchunas (1977) stated that lignin may enhance 
passage rates of forage because lignified material is 
characteristically brittle, breaks down to small sizes, and 
passes rapidly through the digestive tract. He indicated 
that this may explain why deer utilize large quantities of 
forage that contain high amounts of fiber and is low in 
digestibility.
Three winter nutrition studies conducted in western 
Montana investigated the effects various diets had on elk 
by monitoring changes in their weight (Hungerford 1948,
Geis 1954, Boll 1958). Browse diets resulted in greatest 
weight losses. Diets with high digestion coefficients, 
especially meadow hay and bunchgrass, were the most 
effective at maintaining body weight.
Geis (1954) reported that respective average 
percentages of protein, crude fiber, and lignin for 5 
forages fed elk were : meadow hay 6.0, 27.8, and 7.5;
bunchgrass 3.5, 36.4, and 8.3; willow (Salix spp.) 6.5, 
26.2, and 19.5; serviceberry 6.4, 23.2, and 18.2; and 
mountain maple (Acer glabrum) 7.0, 32.0, and 16.4.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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III. STUDY AREAS
Threemile game range is located in the Sapphire 
Mountains approximately 16 km northwest of Stevensville, 
township ION and range 18W. Total acreage is 2453 ha.
This study was confined to sections 19 and 20 where 
elevation ranges primarily from 1372 to 1524 m. 
Precipitation ranges between 305 and 381 mm annually. A 
weather station at Stevensvilie provides precipitation and 
temperature data during the study period (U.S. Dept, of 
Commerce 1985-86) (Table 1).
Soils belong to the Shook, Stecum series and the 
Brownlee-Duffy-Ravalli complex; slopes average from 9 to 
25% (U. S. Dept, of Agric. 1951). These loams and coarse
sandy loams are formed from alluvial sediments washed from 
weathered granite and are highly erosive. Gullies have 
developed along upslope vehicle and animal trails.
The study area has a history of cattle and sheep 
grazing and crop production (Beall 1974). Wheatgrass 
(Agropyron spp.), orchard-grass (Dactylis glomerata), brome 
(Bromus spp.), and ponderosa pine (Pinus ponderosa) were 
planted in the 1950's. The area was bought by the state in 
1967.
The climax dominant grasses on these grasslands are 
Idaho fescue and bluebunch wheatgrass (Agropyron spicatum) . 
Other grasses and grasslikes include Sandberg's bluegrass
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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T a b l e  1. T e m p e r a t u r e  (°C) and p r e c i p i t a t i o n  (mm) data 
St e v e n s v i l l e ,  Montana, from Dece m b e r  1985 through 
1986.
for 
Apr i 1
T E M P E R A T U R E
Av e r a g e A v e r a g e D e p a r t u r e
M o n t h Max imum Min imum Average From Normal High Date Low Date
D e c . -3.4 -13.6 -8.5 -5.6 7 17 -27 11
Jan . 3.5 -7.1 -1.8 + 2.9 12 19 -15 5*
Feb. 4.4 -5.1 -0.3 + 0.5 21 24 -17 11
Mar . 13.7 -1.1 6.3 + 4.3 24 29* -6 21*
A p r . 14.9 0.1 7.5 + 0.3 26 21 -7 13
P R E C I P I T A T I O N
Snow and Sleet
D e p a r t u r e G r e a t e s t Max Depth
Month Total F r o m  Normal Day Da te Total On Ground Date
Dec . 7.9 -23.9 4.1 3 190 152 13*
J a n . 39.6 + 2.8 12.4 17 218 1753 16
F e b . 70.6 + 48.8 18.3 23 356 203 15
M a r . 16.3 -2.8 7.6 9 0 0 -
Apr . 17.5 — 5.8 6. 6 12 * * * *
* = P r e c i p i t a t i o n  or t e m p e r a t u r e  extr e m e s  o c c u r r e d  on one or 
more previ o u s  d a tes du r i n g  the month.
* *  = I n s u f f i c i e n t  or p a r tial data
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(Poa sandberqi i), Kentucky bluegrass (Poa pratensis),
Canada bluegrass (Poa compressa), bulbous bluegrass (Poa 
bulbosa) Junegrass (Koeleria cristata), cheat grass (Bromus 
tectorum) , timothy (Phleum pratense), wheatgrasses, bromes, 
pinegrass (Calamagrostis rubescens), and elk sedge.
Forbs are numerous and include spotted knapweed, 
lupine (Lupinus spp.), arrowleaf balsamroot, paintbrush 
(Castilleja spp.), yarrow (Achillea millefolium), 
cinquefoil (Potentilia spp.), salsify (Traqopogon dubius), 
arnica (Arnica spp.), strawberry (Fraqinus spp.), aster 
(Aster spp.), vetch (Vicia villosa), pussy-toes (Antennaria 
spp.), larkspur (Delphinium occidentale), thistle (Cirsium 
spp.), mullein (Verbascum thapsus), groundsel (Senecio 
spp.)t geranium (Geranium viscosissimum) , sorrel (Rumex 
acetosella), buckwheat (Eriogonum spp.) and tansymustard 
(Descurainia spp.) .
Shrubs include snowberry (Symphoricarpos albus), 
serviceberry, ninebark (Physocarpus malvaceus), rose (Rosa 
spp.), chokecherry, willow, red osier dogwood (Cornus 
stolonifera), elderberry (Sambucus spp.), oregongrape 
(Berberis repens) , and kinnikinnik (Arctostaphylos uva- 
ursi). Ponderosa pine and Douglas-fir are the dominant 
trees. Scientific nomenclature follows that of Hitchcock 
and Cronquist (1976).
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Calf Creek game range is approximately 16 km northwest 
of Hamilton and is located in township 6N and range 19w. 
Total acreage is 883 ha. Parts of sections 8, 9, 16, and 
17 were confined to study sampling. Elevation, topography, 
slope, and precipitation are similar to the Threemile game 
range, A weather station at Hamilton provides 
precipitation and temperature data during the study period 
(U.S. Dept, of Commerce 1985-56) (Table 2),
Soils belong mainly to the Stecum series and the 
Brownlee-Duffy-Ravalli complex, and are loams and coarse 
sandy loams. Soils of the Stecum series are less developed 
than Shook and Brownlee soils. These soils are shallow, 
rapidly permeable, excessively drained, and have a low 
natural fertility (U.S. Dept, of Agric. 1951). Deep 
gullies are found along several vehicle and animal trails. 
Exposed alkali soil in the mountain big sagebrush 
(Artemisia tridentata subspecies vaseyana) area is used by 
elk, deer, and stray cattle as mineral licks. Two lick 
areas (an open exposed site and a trench-1 ike unexposed 
site) were sampled for percent extractable ions using 
ammonium acetate extracts. Percentages of calcium and 
magnesium were fairly high and similar for both sites. 
Average percents were 55,60 and 7.05 me/lOOg, respectively. 
Sodium content was extremely high. The soil from the 
unexposed lick had a sodium content approximately 3 times 
higher than the soil from the exposed lick; 32.4 and 11.1
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T a b l e  2, T e m p e r a t u r e  (°C) and p r e c i p i t a t i o n  (mm) data for
Hamilton, Montana, from Dece m b e r  1985 through April 1986.
T E M P E R A T U R E
A v e r a g e Av e r a g e D e p a r t u r e
M o n t h Maxiraum Min imum A v e r a g e From Normal High Daté Low Date
Dec. -2.7 -13.3 -8.0 -5.9 9 17 -25 11
J a n . 5.3 -5.3 0.0 + 3 . 9 13 18* -16 4
F e b . 5.1 -4.7 0.2 + 0.3 20 24 -16 11
Mar . 13.7 — 0.3 6.7 + 4 . 3 23 27 -6 15
Apr . 14.9 0.1 7.5 + 0.3 26 21 -7 13
P R E C I P I T A T I O N
Snow and Sleet
De p a r t u r e Grea test Max Depth
M o nth Total F r o m  Normal Day Da te Total On Ground Date
D e c . 9.9 -20. 3 5.1 2 * * 152 4*
J a n . 22.9 -10.4 6.4 17 * * 152 5*
F e b . 72.9 + 54.6 20.3 17 * * 203 15*
M a r . 25.4 + 7.4 9.1 9 * * * * -
Apr . 17.5 -5.8 6.6 12 * « * * —
*  = P r e c i p i t a t i o n  or temp e r a t u r e extr e m e s occurred on one or
more previous dates during the month. 
Insufficient or partial data.
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me/lOOg, respectively. Licks were used mainly in the 
spring in association with forage green-up.
Remnants of introduced forage plants, decadent 
orchards, windrows of caragana (Caragana sp.), and a high 
density of mountain big sagebush are evidence of a past 
history of crop production and livestock grazing. The 
state bought the land in 1960.
The climax grasses in the area are rough fescue, 
(Festuca scabrella), Idaho fescue, and bluebunch 
wheatgrass. Plant composition is similar to that found on 
the Threemile Range except for the presence of alkali 
grasses such as alkali bluegrass (Poa juncifolia) and 
interrupted apera (Agrostis interrupta); curly-cup gumweed 
(Grindelia squarrosa); and a high coverage of rubber 
rabbitbrush (Chrysothamnus nauseosus) and mountain big 
sagebrush.
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IV. METHODS
Study sites were located in the fall of 1985. Two 
sites in the Bitterroot Valley were established because of 
their high knapweed infestations and the length of time 
spotted knapweed has been on these and surrounding areas.
KNAPWEED DENSITY MEASUREMENTS
Density of knapweed was measured in the fall of 1985 
on selected areas on both ranges using the closest 
individual method (Cottam and Curtis 1956) . Measurements 
were taken every 10 m along a line transect. Distance was 
recorded as 10 m if a knapweed plant was further than 10 m 
from the measuring point and recorded as 0.1 ra if on the 
measuring point. Knapweed seedlings with less than 3 
leaves were not included in density measurements. Open 
sites (grasslands dominated by knapweed), scattered pine 
sites (open sites with an overstory of Ponderosa pine less 
than 3.0 m tall), and forested sites (areas with a tree 
overstory) were sampled on the Threemile game range. Open 
sites and sagebrush sites (open sites with an overstory of 
big sagebrush) were sampled on the Calf Creek game range.
The original intention for measuring knapweed density 
was to delineate 3 separate areas of low, moderate, and 
high knapweed density classes and to determine through 
winter observations if deer and elk avoid certain density
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classes. Because density variation was high in all chosen 
areas, distinct classes could not be identified and any 
statements about area avoidance or selection will not 
pertain to knapweed densities.
SPOTTED KNAPWEED COLLECTIONS
December use observations of knapweed showed that only 
the flower tops were being selected and eaten by deer and 
elk. Therefore, only the dried flowers and upper 0.4 to 
0.8 cm of stems were collected for nutrient analyses. 
Monthly collections of plant tops from the Threemile game 
range began in December and ended in April. Samples were 
collected from 5 forested and 5 open sites. All sites had 
similar exposure, slope, and elevation. Samples taken from 
forested sites were from small openings where a 5-month 
supply of knapweed was growing.
Samples were dried in an oven at 60°C oven and then 
ground in a Wiley mill using a 40 mesh screen. Samples 
were then used to determine nitrogen content, using 
procedures outlined by Harris (1970). Percent nitrogen in 
a sample was multiplied by a factor of 6.25 to calculate 
percent crude protein. This was done on the assumption 
that average feed proteins contain 16% nitrogen (Cullison 
1975). Therefore, an approximate or crude percent of 
protein was determined. Percent acid-detergent fiber and 
permanganate lignin was determined using procedures
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outlined by Goering and Van Soest (1970).
All analyses of plant chemical constituents were 
duplicated and the means were used in statistical analyses. 
Analysis of variance, at the 0.05% significance level, was 
performed to detect any difference in the percent crude 
protein, fiber, or lignin content of the knapweed flowers 
from the 2 sites, during the 5 months, or a combination of 
factors involving sites and months (Ott 1984).
DEER AND ELK PELLET COLLECTIONS
Deer and elk pellet samples were collected monthly 
from December through April on both game ranges. Pellets 
were dried and packaged with salt. They were then mailed 
to the Composition Lab at the University of Colorado in 
Fort Collins where they were analyzed for forage 
composition using microhistological analyses (Hansen et al. 
1979). Monthly pellet samples from elk and deer consisted 
of 20 pellets, with a maximum of 2 pellets from 10 
individual deer or elk pellet groups. The 20 pellets, or 
individual monthly pellet samples, were ground in a Wiley 
mill through a 20 mesh (1 mm opening) screen. Equal 
representative portions from samples were placed on 4 
slides and 20 observâtions/slide were measured for plant 
species frequency. Frequency numbers were converted to 
density. A mean density and a 95% confidence interval were 
calculated from measurements taken from the 4 slides.
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Deer pellets are those of mule deer, except that those 
collected in April on Calf Creek may have been from white­
tailed deer (Odocoileus virginianus).
DEER AND ELK PLANT USE AND PREFERENCE
Plant use by deer and elk was determined by following 
their tracks and counting the number of bites (Cole 1956) 
taken from a rooted grass, sedge, or forb; or from a leader 
of a shrub or tree. Measurements were confined to areas 
containing spotted knapweed and during days of snowfall 
when tracks were fresh or when snow cover remained 
constant. All feeding sites were sampled only once, 
thereby reducing the possibility of counting previous 
bites. Only those bites that could be identified as recent 
bites were recorded. Recent bites from a plant were those 
that visually resembled freshly broken ends of the plant. 
Use was also measured as estimated dry weight removed from 
a plant (Table 3). Plant parts, associated with bites, 
were clipped in the field and taken to the laboratory where 
they were dried and then weighed in grams. This type of 
measurement estimated volume of forage consumed rather than 
frequency of bites from forage. Therefore, this method 
seemed more accurate for calculating preferences for 
different forage species.
Availability of plant species and plant groups (i.e. 
shrubs) was recorded as percent canopy coverage (Pfister et
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T a ble 3, W e i g h t s  (g) a s s o c i a t e d  with 1 bite taken from 
various pla n t  species.
aster 0.10 ( top)
D o u g l a s - f i r 0.20 (needle bundle)
grass 0.05 
1.00
( top) 
(all)
k i n n i k i n n i k 0.10
k n a p w e e d 0.05
0.10
(smaller top) 
(larger top)
l upine 0.10
0.25
0.50
1. 00
(small) 
(medium) 
(large) 
(all)
m u l l e i n 0.80 ( top)
o r e g o n g r a p e 0.10
1.00
(leaf and stem)
(stem top and 3 leaves)
p o n d e r o s a  pine 0.07
0.32
0.75
(fascicle)
(smaller needle bundle) 
(larger needle bundle)
rose 0.10
s a g e b r u s h 0.05 
0. 10
(flower top) 
(leaf top)
s a l sify 0.05 (top)
s e r v i c e b e r r y 0.10
s n o w b e r r y 0.05
thistle 0. 50 (top)
u n k n o w n  forbs 0.05
0.10
(smaller top) 
(larger top)
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
22
al, 1977), Availability of plants was ocularly measured on 
feeding sites approximately 1,0 m on all sides of deer or 
elk tracks. Only those plants that extruded above the snow 
were measured. An individual plant was assigned to a plant 
group when specie identification could not be made. The 
grass category was mainly Poa spp. and the shrubs were 
deciduous. Plants with a coverage of less than 1%, 1 to 
5%, 5 to 25%, or over 25% were labelled trace, common, well 
represented, or abundant, respectively.
A preference number was calculated from a ratio of use 
(total number of bites or weight removed from a plant 
species or plant group) to availability (the median number 
of a cover class), The median numbers were used as 
averages for the cover groups. As an example, preferences 
for aster and knapweed were calculated as follows: 59
bites of aster with common coverage (59/2,5 = 23,6) and 500 
bites of knapweed with well represented coverage (500/15 = 
33,3), In this example, knapweed had a higher preference 
value than aster and was preferred.
BIOMASS MEASUREMENTS
In the spring of 1986, an average crown canopy 
coverage of understory plants, frequency of these plants, 
and biomass (kg/ha) of plant species and litter was 
measured on the same knapweed density sites, except knob 
areas were sampled instead of forested sites on the
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Threemile game range. A knob site was a highly sloping 
open site that had not been subjected to cultivation. 
Density of knapweed on these sites was low and use of these 
sites by elk and deer was observed in winter and spring.
Crown canopy coverage of species was ocularly measured 
in a 49.5 cm x 49.5 cm plot frame. Each site was sampled 
20 times. Frequency for a plant species was measured as 
the percent of the plots that contained that species.
Three frames were clipped to obtain a measure of plant 
production and litter. Plant species and litter were 
placed into separate labelled bags, dried in an oven, and 
then weighed in grams. A factor of 42.7 was used to 
convert g/plot to kg/ha.
Observed spring use of knapweed by deer or elk was 
limited to bites taken from green rosette leaves. Use was 
reported from that seen in cover and biomass plots on both 
ranges, from any other observed use, and from pellet 
samples.
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V. RESULTS
PLANT MEASUREMENTS
Spotted knapweed density on the Threemile game range 
was 90 plants/m^ on open sites, 47 plants/m^ on scattered 
pine sites, and less than 1 plants/m^ on forested sites. 
Cover and production of knapweed were lower on open sites 
than on scattered pine sites (Tables 4,5). Open sites were 
not as productive and had a higher percent bare ground 
cover compared to scattered pine sites. This bare ground 
allowed for fall growth of knapweed seedlings. The high 
knapweed density measured on open sites was due to the 
presence of fall seedlings. The presence of ponderosa pine 
on scattered pine sites also resulted in higher knapweed 
density measurements on these sites compared to open sites. 
Pedestaled plants are characterisic on both of these 
disturbed areas. Spotted knapweed was the dominant forb on 
these sites. Bluegrasses were the dominant grasses.
Knob sites had the highest plant coverage and biomass 
of the 3 sites. These areas were the most productive and 
least disturbed. Balsamroot and lupine were the dominant 
forbs and Idaho fescue was the dominant grass.
Spotted knapweed density on the Calf Creek game range 
was 74 plants/m^ on open sites and 59 plants/m^ on 
sagebrush sites. Knapweed cover and production were 
similar on both sites (Tables 6,7). An average higher
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T a b l e  4. A v e r a g e  c a n o p y  cover (%) and fre q u e n c y  (%) of
u n d e r s t o r y  p l a n t  species on the T h r e e m i l e  game range.
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SITES
FORBS 
Ach iIlea m i l l e f o l i u m
A n t e n n a r l a  s p p ,
B a l s a m o r h i z a  sag i t t a t a  
C a s t e l l e j a  spp. 
C e n t a u r e a  m a c u l o s a  
D e l p h i n i u m ~ B c c i d e n t a l e  
E r i q e r o n  composi tus 
Frag inus spp.
L i t h o s p e r m u m  r u d e r a l e  
L o m a t i u m  s pp.
L u p i n u s s p p .
P o t e n t i 1 1 a  s p p .
Rumex acetos e l l a  
Traqopoqo'n du b i u s  
Vic i a  V I llosa 
Oth e r  forbs
G R A S S E S
A g r o p y r o n  s p i c a t u m  
A g r o p y r o n  s p p . 
B r o m u s  tect o r u m  
F e s t u c a  idahoensis 
Koel e r i a  c r i s t a t a " 
Poa c o m pressa &
Poa p r atensis 
Poa S a n d b e r g  1 1 
Stipa comata
OPEN SC. PINE KNOB
Co ver Freq. Cover Freq. Cover Fr eq.
t 1 5 T 25
1.4 15
27.6 70
1.2 15
44.5 100 47.5 100 3.0 30
T 5
T 5
T 5
1. 2 5
0.5 10
6.8 55 5.7 45 3.0 60
1.7 20
T 10 T 5
2.7 30
2.3 35
1.5 80 0.8 100 2.8 75
2,7 40
T 5
3.0 10
20.8 80
1.8 15 3.3 20 3.4 50
4 . 4 55 6.0 85
8.2 70 3.2 55 2.5 SO
T 5
TREE SEE D L I N G S  
P o n d e r o s a  pine
TOTAL 67,2
B a r e  ground & litter 32.8
70.5
29.5
75.8
24.2
J y  T < 0.5%
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T a b l e  5. A v e r a g e  b i o m a s s  (kg/ha) of u n d e r s t o r y  plant species and 
litter on the T h r e e m i l e  game range.
FORBS
A c h i l l e a  millefoliurn 
B a l s a m o r h i z a  sa g i t t a t a  
C a s t i l l e j a  spp. 
C e n t a u r e a  m a c u l o s a  
L u p i n u s  spp.
T r a g o p o q o n  dubius 
V i c i a  v i l l o s a 
O th e r  forbs
OPEN
479.3
17.1
30.1
SITES
S C A T T E R E D  PINE
642.0
94.2
47.0
KNOB
12.8
462.2 
8 . 6
402.3 
17.1
G R A S S E S
A g r o p y r o n  s p i c a t u m  
B r o m u s  t e c t o r u m  
F e s t u c a  idahoensis
K o e l e r i a  c r i s t a t a  38.5
Poa p r a t e n s i s  98.4
Poa sandbe r g i i  111.3
T O TAL FORBS & G R A S S E S  774.7
192.6
51.3
1027. 1
162.6
4.3
590.6 
179.8
162.6 
2002.9
L I T T E R
B . sag ittata 
G r a s s e s
C . m a c u l o s a  (down)
C . m a c u l o s a  (standing) 
L u p inus
T O TAL LITTER
51.3
847.4
676. 2
1574.9
282.5
492.1
693.3
8.6
1476. 5
145.5
470.2
42.8
658.5
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Table 6. Average canopy cover (%) and frequency (%) of
understory plant species on the Calf Creek game range,
FORBS
A c h i l l e a  m i l l e f o l i u m  
C e n t a u r e a  m a c u l o s a  
L u p i n u s  spp.
M e d i c a g o  sativa 
Other forbs
SITES
OPEN
Cover
32.3
4.2
5.2
freq.
95
30
85
SAGEBRUSH
Cover
33.6
15.2
2.1
Freq.
5
100
50
45
GR A S S E S
A g r o p y r o n  c r i s t a t u m  
A g r o p y r o n  s p i c a t u m 
A g r o s t i s  interrupta 
B r o m u s  tect o r u m  
K o e l e r i a  cristata 
Poa bulbosa  
Poa com p r e s s a  
Poa ] uncifolla 
Poa pra tensis 
Poa sandberqii
9.9
1.2
0.6
14.7
T
10
70
15
10
855
0.8
1.9
T
15
55
5
20
20
10
30
75
T O TAL FORBS & G R A S S E S  68.1
Bare gr o u n d  & litter 31.9
68.5
31.5
£ /  T £  0.5%
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T a b l e  7. A v e rage b i o m a s s  (kg/ha) of u n d e r s t o r y  plant species and 
litter on the C a l f  Creek game range.
FORBS
A r t e m i s i a  fr igida 
C e n t a u r e a  m a c u l o s a  
L u p i n u s  spp. 
M e d i c a g o  sativa 
O t her forbs
OPEN
47.
616,
47.0
72.8
SITES
S A GEBRUSH
624 .9 
338 .1
42.8
cr istatum
G R A S S E S  
A g r o p y r o n  
A g r o p y r o n  s p i c a t u m  
A g r o s t i s  interrupta 
B r o m u s  tect o r u m  
K oel e r i a  c r i s t a t a  
Poa bulbosa 
Poa com p r e s s a 
Poa juncifolla 
Poa pratensis 
Poa sandbergii
12.8
8.6
29.9
34.2
701.9
4.3
64.2
0.4
42.8
4.3
300.0
89.9
T O TAL FORBS & G R A S S E S 1574.7 1507.4
LI T T E R 
G r a s s e s  
C. m a c u l o s a  
C. m a c u l o s a
(down)
(standing)
539
1575
376
,3
,0
.6
1112.8
136.9
T O T A L  LITTER 2490.9 1249.7
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percent bare ground cover on open sites and the presence of 
sagebrush on sagebrush sites caused the difference in site 
density measurements. Knapweed was the dominant forb on 
both sites and bluegrasses were the dominant grasses.
KNAPWEED CHEMICAL ANALYSES
Crude protein of knapweed flowers when dormant ranged 
from 5.3% to 7.7%, with a mean of 6,6% (Table 8). Fiber 
and lignin contents averaged 45.6% and 14.5%, respectively. 
Percent crude protein in the dried knapweed flowers was 
found to be similar for open and forested sites (Table 9).
A significant difference (P ^  0.05) was detected between 
the fiber and lignin contents of the flowers from the 2 
sites; percents were higher in the forested sites. Fiber 
was approximately 4% higher in the forested sites and 
lignin was approximately 2% higher. No significant 
seasonal changes occurred in the percent crude protein, 
fiber, or lignin content of the knapweed flowers from 
December through April on either site. Therefore, any 
variation in percent chemical constituents during these 
months is explained by a variation in the chemical content
among the plants on each site.
PELLET ANALYSES
During winter, all plants have a relatively high fiber
content compared to other seasons. Therefore, in reviewing
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T a b l e  8. M e a n  p e r c e n t  chemical c o m p o s i t i o n  of dried flowers and 
upper stems of spotted knapweed from open and forested sites 
on the T h r e e m i l e  game range.
Percent O v e n - D r y  Weight
M o n t h C o v e r  Type C r u d e  Protein F iber Lignin
Dec . Open 6.4* 44.2 14 . 3
D e c . F orest 6.5 47.6 15.4
J a n . Open 6.5 42.9 13.4
J a n . Fo r e s t 6.5 45.6 15.0
F e b , Open 7.1 43.1 13 . 3
Feb. Fo r e s t 7.7 46.9 16.1
Mar . Open 6.9 43.5 13.6
M a r . Fo r e s t 6.0 48.8 15.5
Apr . Open 6.8 44.1 12.8
A p r . Forest 5.3 49.3 15.0
2 /  Each c h e m i c a l  v a lue is the mean of 5 samples.
T a b l e 9. A n a l y s i s  of vari a n c e for chemical c o m p o n e n t s  of dried
flowers and upper stems of spotted knapweed samples
co l l e c t e d  from open and forested sites on the T h r e e m i l e  game
range.
F-Test S t atistic
S ource Df C r u d e  Protein Fiber Lignin
Cover Type (CT) 1 0. 16 37.62* 63.73*
M o n t h (M) 4 0. 25 1.76 1.82
CT X M 4 0.19 0.53 1.8 2
Residual 40
Sign i f i c a n t ,  P ^  0,05,
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the pellet analyses, it is assumed there is a direct 
relationship between the relative density of plant 
fragments in animal pellets and the percent of a species 
consumed,
THREEMILE DEER
Shrubs received the most deer use of all plant groups 
(Table 10). December through April percentages were 48.0%, 
63.2%, 47.0%, 51.1%, and 52.2%, respectively. Oregongrape 
was the most utilized shrub during all months except in 
April when Rubus was the main shrub consumed, Ceanothus 
(Ceanothus velutinus) was consumed in December and January 
and willow was the only deciduous shrub that received any 
appreciable amount of forage use in March.
Ponderosa pine and Douglas-fir made up approximately 
one-quarter of the deer diet, with a peak 47.0% use in 
February. Tree use by deer was observed only on young 
trees.
Forbs were utilized most often in December, March, and 
April. Those most consumed during these months were 
balsamroot, pussy-toes (or thistle), and lupine. Knapweed 
use from December through April was 10.2%, 3.8%, 1.5%,
4.7%, amd 2.6%, respectively.
Grasses were not an important component of the deer 
diet. Highest use was in March when they comprised 5.3% of 
the total forage diet.
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Table 10. Mean (x) relative density + a 951 confidence interval (Cl) of discerned plant
fragments found in deer peTlet samples^ on the Threemile game range from December 
1985 through April 1986, Calculations are based on data from 4 slides, with 20 
fields of observations/slide.
- ■ dec JÂN FEB MAR APR
o K ± Cl X + Cl 3c ±  Cl Ic ±  Cl 3c 1  Cl
5̂
 GRASSES & GRASSLIKES
8
^  ' Carex 1.6 + 2.9   0.5 + 1.6 1.1 + 2.1
0 Festuca 1.3 + 2.5     2,6 + 2.3 ---
1 "
CD Koeleria cristata         0.7 + 2.1
c Poa 0.6 + 1.8 ——— ——— 1.5 + 1.7 ———3"
% TOTAL 3.5   0.5 5.2 0.7
CD■oO
c FORBS
a
§ Antennar ia - Cirsium       9.1 + 2-5 ---■o “ - —g
—  Artemisia frigida --- --- --- 0 . 6 + 1 . 8 -------------
O- Astragal ™  — — —< — — «  2 » 1  ̂  6 - 7
Balsamorhiza 11.8 + 11.8     0.9 + 1.7 2.8 + 3.1
5- sagittata
Centaurea maculosa 5.0 + 3.4 2.4 + 2.9 1.5 + 3.1 4.7 + 7.1 2.6 + 3.0
Centaurea seed 4.7 + 6.0 0.8 + 2.7 --  --  --
Descurainia     ,   0.6 + 1.8 4.4 + 9.0
Flower 0.6 + 1.8 0.5 + 1.6 ——— ———
Lesquerella       0.5 + 1.6 1.0+ 3.3
Lupinus 3.5 + 4.3 2.3 + 5.2 4.5 + 3.0   11.9+19.1
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Physocarpus malvaceus --  --- 0,7 + 2.2
X ± CI X + CI X ± CI X ± CI X ± CI
Med 1 c3g 0 Melilotus ——— ——- — ——— ——— 1*0 + 3*3
0̂
 Seed 2*1 ^ 2*4 1.1 + 3.5 ——— ———
CD "
8 Unknown forbs-------------- --  0.5 + 1.6 -—  0.4 + 1,2
Cô TOTAL 27.7 7.6 6.0 16.6 25.8
1
m SHRUBS
c Berberis repens 33.6 + 8.8 41.1 + 8,3 45.8 + 2.9 38.6 + 11.8 12.0 + 13,2
? Ceanothus velutinus 14.3 + 5.5 22.1+12.3 --  --  --
û Rubus — — - — - 0,9 + 1.8 40.2 ^ 19.23
Salîx ——— ——— — 11.6 + 2,4 ———o   —
TOTAL 47.9 63.2 46.5 51.1 52.2
5 TREESoc
■a Pinus ponderosa 18.8 + 9.1 18.9 + 8.3 25.5 + 13.0 17,7 + 6.6 10.2 + 8,2
Pseudotsuga menziesii 2,1 + 2.3 10.3 + 4.9 21,5 + 14.1 9,2 + 6,1 11.1 + 5.5
TOTAL 20,9 29.2 47.0 26,9 21.3
^Deer pellet samples consist of 20 pellets collected from 5, 10, 10, 10, and 9 pellet 
groups for December, January, February, March, and April, respectively,
2Flower is probably that of Centaurea. CoW
34
THREEMILE ELK
Grasses had the highest percentage of forage use in 
February (54.4%), March (59.0%), and April (82.0%) (Table 
11). Grass use was dominated by fescue during all months.
Forbs were the dominate forage in the diet during 
December (55.6%) and January (48.5%). Lupine was the main 
forb in the diet. Knapweed was consumed in December, 
January, and February ; use was 12.7%, 13.1%, and 2.0%, 
respectively. March and April pellet samples indicate no 
knapweed was consumed during these months.
Total shrub and tree use was highest in January, 
February, and March. Oregongrape received the highest 
shrub use and Douglas-fir the highest tree use during all 
months.
CALF CREEK DEER
The major deer forage during all months was trees 
(Table 12). Monthly use was 75.4%, 61.7%, 43.5%, 74.8%, 
and 47.1%, respectively. More Douglas-fir than ponderosa 
pine was consumed.
Shrub use, predominately oregongrape, was highest in 
January and February. Rubus was consumed in April.
Forbs were utilized most frequently in December,
March, and April. Knapweed was the forb most often 
consumed during all months except February when balsamroot 
received more use. Percent monthly consumption of knapweed
%
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Table 11. Mean (x) relative density _+ a 95% confidence interval (CI) of discerned plant
fragments found in elk pellet samples! on the Threemile game range from December
1985 through April 1986. Calculations 
fields of observations/slide.
are based on data from 4 slides with 20
DEC JAN FEB MAR APR
X + Cl X + Cl TÎ ± Cl ■R + Cl K  + Cl
GRASSES & GRASSLIKES
Agropyron 1.4 + 2.7 6.4 + 8.5 0.6 + 2.1 ---
Bromus — — — —  — 2.1 + 2.6
Carex 3.1 + 3.6 0.9 + 2.9 5.8 + 6.6 14.3 + 10.8 6.3 + 7.9
Festuca 16.8 + 11.3 18.4 + 18.7 42.0 + 23.5 37.0 + 17.8 61.6 + 15.7
Grass seed & glume 0.8 + 2.7 --— " — — -—
Hordeum jubatum --— — —— 0.5 + 1.7
Koeleria cristata — — — --- — — — 1.0 + 3.2
Poa 2.3 + 2.5 1.7 + 3.1 6.6 + 8.4 4.9 + 6.7 10.5 + 4.1
Sitanion hystrix 0.9 + 2.8 — - — - 0.7 + 2.2
Stipa comata 0.9 + 2.8 - — " 1.4 + 4.4 --
TOTAL 26.2 27.4 54.4 58.9 82.0
FORBS
Artemisia frigida 5.5 + 6.0 1.0 + 3.3 2.0 + 4.1 0.6 + 1.8
Astragalus 0.8 + 2.5 --— — — 1.6 + 3.1
Balsamorhiza
sagittata
1.5 + 2.9 —— — -- 0.7 + 2.2 " — “
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Table 11 Continued.
DEC JAN FEB MAR APR
% + CI X ± CI Y + CI X ± CI X ± CI
^ Boraginaceae 0.9 + 2.8-------- --  --  --  --
œ Centaurea maculosa 1.6 + 3.0 0.9 + 2.8 1.4 + 2.5-------- --  --
83  Centaurea seed 8.0 + 5.7 5.7 + 7.7----------  --  --
ci- .3 Descurainia — -   0.5 + 1.5__________  __i
8 Equisetum 0.8 + 2.7-------- --  --  --  --
Flower^ 3.1 + 4.2 6.6 + 6.0 0.7 + 2.1 --  --
m Lupinus 29.5 + 16.3 15.3 + 16.4 2.1 + 4.5 0.7 + 2.2 0.5 + 1.7
CD
"8 Phlox         0.5 + 1.7
Q .
a Seed 0.9 + 2.8 0.8 + 2.6 1.2 + 2.2
o'
Verbascum thapsus 2.2 + 4.3 16.1 + 10.9   1.4 + 2.5 —
Unknown forbs 0.8 + 2.7 2.1 + 6.7     1.1 + 2.0
TOTAL 55.6 48.5 5.9 4.8 4.3
SHRUBS
Berberis repens 11.9 + 4.3 6.4 + 5.4 17.5 + 3.9 19.4 + 9.6 7.8 + 8.3
Ceanothus velutinus 0.7 + 2.1   3.8 + 2.5 9.7 + 3.6 0.5 + 1.7
Salix — -       1.6 + 3.1
TOTAL 12.6 6.4 21.3 29.1 9.9
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Table 11 Continued.
DEC JAN FEB MAR APR
3f ± Cl % + Cl Tf + Cl X + Cl X + Cl
TREES
Pinus ponderosa 4.5 + 10.9 3.1 + 1.0 1.4 + 4.5 1.1 + 2.0
Pseudotsuga menziesii 5.6 + 2.9 13.2 +15.9 15.3 + 7.7 5.8 + 6.9 2.7 + 3.3
TOTAL 5.6 17.7 18.4 7.2 3.8
^  ^Elk pellet samples consist, of 20 pellets collected from 10, 10, 8, 10, and 10 pellet
3  groups for December, January, February, March, and April, respectively.
? 2 Flower is probably that of Centaurea.
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Table 12. Méan (x) relative density + a 95% confidence interval (CI) of discerned plant
fragments found in deer pellet samples^ on the Calf Creek game range from December 
1985 through April 1986. Calculations are based on data from 4 slides, with 20 
fields of observations/slide.
DEC JÂN FËB MAR APR
X t Cl X + Cl If ± Cl y + Cl X + Cl
GRASSES & GRASSLIKES
Carex --- ---   --- l.o + 3,2
Festuca 0.6 + 1.0       1.6 + 5.0
Juncus ——— ———' 0.6 2.1
Koeleria cristata   0.5 + 1.4     0.6 + 2.1
F03   0.6 + 1.7 — - — - 2.5 + 4.8
§. total 0,6 1.1 0.0 0.0 6.3
FORBS
~  Artemisia frigida       1.3 + 2.4 --
CD
g Astragalus 0.6 ^ 1.0 --  --  --  --
o Balsamorhiza     2.3 + 0.5   7.3 + 3.0
sagittata" ~ ~
Boraginaceae   1.2 _+ 2.3 0.6 + 1.8 --  --
Centaurea maculosa 3.3 + 1.3 1.1 + 3.6 1.0 + 1.9 0.6 + 2.0 12.0 + 7.6
Centaurea seed 6.3 + 8.8 2.9+ 3.2 1.2+ 2.3 5.2 + 5.3 0.8+ 2.4
Composite     0.5 + 1.6 ------ 1.0 + 3.2
Descurainia       0.6 + 2.0 0.7 + 2.4
w
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Table 12 Continued.
DEC JAN FEB MAR APR
X t  CI X ± CI X ± CI X ± CI X ± CI
= Lupinus 2.5 + 3.3 —  1.6 + 1.7 —  5.7 + 3.4
— h
œ Medicago - Melilotus         1,4 + 2.6
g  ~
[O Seed ——- --- --- 1.1 2.1 --
cq' ’
3  Verbascum thapsus 2.5 + 4.8 0.5 + 1.4 0.6 + 1.8 1.3 + 2.3 --
g
I TOTAL 15.2 5.7 7.8 10.1 28.9
■n
i. SHRUBS
3"
CD
S Artemisia tridentata         0.8 + 2.4"O
o. Berberis repens 7.9 + 6.3 29.9+ 11.8 48.7+14.3 13.4+10.2 3.8+ 7.4
ao' Ceanothus velutinus --  1 . 0 + 1 . 8  --  --  --
T3
O Chrysothamnus
nauseosus 0.9 + 2.9   —  --- ---
Rosa — — 0.7 + 2.4 — - — — — -
Rubus — — --- --- —  - 12.1 +̂ 10.5
Sal ix —— ——— ——— 1.1 + 2.1 ---
Shepherd ia canadensis         1.0 + 3.2
Unknown shrubs       0.6 ^  1.7 ---
TOTAL 8.8 31.6 48.7 15.1 17.7
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Table 12 Continued.
DEC JAN FEB MAR APR
X + CI X + Cl X t Cl X ± Cl X ± Cl
TREES
Pinus 15.9 + 13.9 27.5 + 9.9 8.4 + 1.6 21.1 + 16,6 1.8 + 3.3
Pseudotsuqa 59.5 + 20.9 34.1 + 5.1 35.1 + 16.4 53.7 + 10.3 45.3 + 11.7
TOTAL 75.4 61.6 43.5 74.8 47.1
^Deer pellet samples consist of 20 pellets collected from 10, 3, 9, 10, and 3 pellet groups 
December, January, February, March, and April, respectively.
o
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during the study period was 9.6%, 4.1%, 2.3%, 5.8% and 
12.8%, from December through April. Consumption of lupine 
and balsamroot was highest in April.
Grass was not an important forage. Highest grass use 
was 6.4% of the diet in April.
CALF CREEK ELK
Elk consumed a high percentage of grasses, mainly 
fescue, throughout the study period (Table 13). Total 
grass use during December through April was 81.9%, 72.0%, 
85.6%, 68.3%, and 91.3%, respectively.
Forb use was highest in December and March. Knapweed 
was the most frequently consumed forb in December (11.1%), 
January (3.9%), February (5.2%), and March (7.0%). Pellet 
analyses indicate knapweed was not utilized in April.
Shrub use was minimal, but dominated by oregongrape. 
Tree use was prevalent during January, February, and 
March, Douglas-fir received more use than ponderosa pine 
during all months.
FORAGE PREFERENCE AND SITE USE 
THREEMILE DEER
On open sites where ponderosa pine was present, deer 
showed a distinct preference for this plant (Table 14). On 
1 feeding site when pine trees were not present, grass was
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Table 13. Mean (x) relative density + a 95% confidence interval (CI) of discerned plant
pellet samples^ on the Calf Creek game range from December 1985 through April 1986. 
Calculations are based on data from 4 slides, with 20 fields of observations/slide.
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M. ~  DEC JÂN ' FËB MAR APR
■D
CD
8
(O '
3.
3"
CD
CD■DO
Q.Cao3■o
o
CD
Q.
■D
CD
if)
C/)
X ±  Cl X ± C I  X ±  CI X + C I  X 1  Cl
GRASSES & CRASSLIKES
Agropyron   0.6 + 1.9 0.4 + 1.3 — - 0.5 + 1.5
Carex 0.6 + 2.1 3.8 +_ 6.2 0.8 + 1.4 10.2 + 11.1 5.4 + 6.7
Festuca 80.7 + 5.9 62.8 + 19.6 84.0 + 11.3 55.9 + 5.1 84.2 + 13.9
Grass seed & glume         0.3 + 1.1
Koeleria cristata         0.5 + 1.5
Poa 0.6 + 1.8 0.9 + 3.0 0.4 + 1.2 1.0 + 1.8 0.5 + 1.5
Stipa comata 3.8 ^ 2.5 " ———
Unknown grass   —  —  1.1 + 2.1 —
TOTAL 81.9 71.9 %5.6 68.2 91.4
FORBS
Artemisia frigida   1.3 _+ 2.4   1,5 + 2.8 ---
Balsamorhiza -—  0.6 + 1.9 --- ■—  ---
sagittate ”
Boraginaceae   0.5 + 1.5   0.6 + 2.0 ---
Centaurea maculosa   1.3 + 2.4 --- --- ---
Centaurea seed 9.7,+ 7.9 1 . 9 +  6.0 5 . 2 +  3.2 7 . 0 +  6.3 ---
ro
CD■D
OQ.CgQ. Table 13 Continued.
"O
CD
(/)
C/)
(D
Flower^
Lupinus
Seed
Verbascum thapsus 
TOTAL
DEC
X ± CI
1.4 + 2.5
1.2 + 2.3
0.7 + 2.2
0.5 + 1.7
13.5
JAN
X + CI
0.7 + 2.3
1.1 + 2.1 
0.6 + 1.9
0.5 + 1.7
8.5
FEB
X ± CI
1.2 + 2.4
0.9 + 2.7
7.3
MAR
X + CI
6.2 + 4.9 
0.6 + 2.0
15.9
APR
X + CI
0.3 + 1.1 
0.3 + 1.1
0.6
a3"
(D
(D
T3O
Q .
O3
T3O
SHRUBS
Berber is cepens 
Rubus
SyitiphorIcarpos albus 
TOTAL
0.6 + 1.8 
0.6
4.4 + 5.9 4.7 + 6.1
4.4 0.0 4.7
5.2 + 4.4 
0.8 + 1.5
6.0
(D
Q .
T3
(D
(/)
C/)
TREES
Pinus Donderosa 1.1 + 2.0
Pseudotsuqa menziesii 2.9 + 5.5
TOTAL 4.0
15.2 i  7.0
15.2
2.6 + 3.7 
4.5 + 4.6 
7.1
4.2 + 2.7 
7.0 + 4.2 
11.2
2.0 + 1.3
2 . 0
^Elk pellet samples consist of 20 pellets collected from 10, 10, 10, 10, and 3 pellet 
groups for December, January, February, March, and April, respectively.
Flower is probably that of Centaurea.
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Table 14. Deer preference ratings for spotted knapweed on open
sites^ compared to other plants available on the same
feeding site on the Threemile game range.
Paoriinn S n o w  Relative Preference^
site # Date D e p t h (cm) Species Avail. Bites Weight
1 1-27 0-2 knapweed 
other forbs 
grass 
ponderosa
a^ 0.11 
t 0.00 
wr 0.20 
c 2.40
0.01 
0.00 
0.01 
1.60
2 1-28 0-15 knapweed 
other forbs 
grass 
pon d e r o s a
wr 3.87 
c 1.20 
wr 0.3 3 
c 8.80
0.21
1.54
0.02
5.74
3 1-28 0-15 knapweed
lupine
grass
po n derosa
a 0.00 
c 0,40 
wr 0.00 
c 4.40
0.00
0,20
0.00
4.00
4 2-14 23 knapweed
grass
a 4.13 
t 10.00
0.21
0.50
5 2-16 13 knapweed 
other forbs 
grass 
po n derosa
a 1.20 
t 0,00 
c 0.00 
t 24.00
0.06 
0. 00 
0.00 
20.70
V O p e n  sites are g r a s s l a n d s  d o m inated by knapweed.
1 / T h e  higher the number , the greater the preference.
2/ t=trace, c ‘=common, wr =well represented, a=abun d a n t
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preferred over knapweed. One mule deer pawed its way to 
the knapweed rosette leaves, but only 1 leaf tip was eaten.
Deer use of open sites during snow cover was very 
limited. Familiar travel routes through heavy or crusted 
snow were used to cross open areas but feeding on these 
sites was minimal.
During early spring, mule deer were seen grazing on 
open pastures adjacent to the range where plant growth 
initiated approximately 1 month earlier. The high coverage 
of knapweed litter on the range's open areas, as opposed to 
the adjacent cattie-grazed fields, may cause soil 
temperatures to rise more slowly, thereby delaying spring 
growth. Forb use was detected on this outlying area. No 
use of knapweed rosettes was noticed.
Mule deer were seen frequently feeding on edges during 
the winter. Edges were intermediate unique habitats or 
ecotones that existed between forested and open sites.
Edges offered a wider variety of food items and usually had 
less snow cover than open areas, allowing deer to feed 
selectively. Again, when ponderosa pine was present, it 
was highly preferred (Table 15). Aster and grass were 
preferred food items on 2 sites when ponderosa pine was 
present. With weight preference, knapweed was preferred on 
1 site over all other plants (ponderosa pine was not 
present). Knapweed had the highest bite preference on 6 
feeding sites.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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T a b l e  15. Deer p r e f e r e n c e  ratings for spotted 
sites^ c o m p a r e d  to other plants available 
feeding site on the T h r e e m i l e  game range.
knapweed on 
on the same
edge
F e e d i n g S now Relative Preference^
S i t e  # Date D e p t h (cm) Species Ava il. Bites Weight
1 1-4 46 knapweed wr^ 2.27 0.11
rose wr 0.53 0.05
other shrubs c 0.00 0.00
ponderosa c 1.60 1. 20
2 1-4 23 knapweed wr 3.67 0.18
aster t 12.00 1.20
,po nderosa c 0.00 0.00
3 1-28 0-18 knapweed wr 0. 67 0.03
other forbs c 0.00 0.00
grass c 8.00 0.80
ponderosa c 2.40 2.05
4 2-14 13 knapweed t 0.00 0.00
grass wr 1.07 0.05
5 2-18 26 knapweed c 0. 40 0.02
other forbs t 0.00 0.00
grass t 0.00 0.00
ponderosa a 1.09 0.48
6 2-18 26 knapweed wr 2.33 0.12
other forbs t 0.00 0.00
grass t 0.00 0.00
ponderosa a 1.94 1.11
7 2-19 21 knapweed wr 9.27 0.50
other forbs t 0.00 0.00
grass t 2.00 0.10
shrubs t 0.00 0.00
p onderosa wr 8.87 5.09
8 2-19 13 knapweed wr 0.80 0.04
other forbs t 0.00 0.00
grass t 0.00 0.00
po n d e r o s a c 14.00 8.07
9 2-19 21 knapweed wr 10,00 0.51
other forbs t 0.00 0.00
grass c 0.80 0.04
s erv i c e b e r r y c 3.60 0.36
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Table 15 Continued.
F e e d i n g  Snow Relative Preference^
S i t e  # Date D e p t h {cm) S p ecies A v a i l . Bites W e i g h t
10 2-19 21 knapweed
other forbs
grass
shrubs
ponderosa
Douglas-fir
c3
t
t
wr
c
t
46.80 
34 . 00 
0.00 
0.00 
7.60 
2.00
2.38 
3. 40 
0.00 
0.00 
6.06 
0.40
11 2-19 21 knapweed 
other forbs 
grass
s e r v i ceberry
p o n derosa
c
t
t
c
t
6.40 
4.00 
0.00
4.40 
38. 00
0.32
0.40
0.00
0.44
14.74
12 2-21 5-8 knapweed 
other forbs 
pinegrass  
rose
s n owberry
t
t
t
c
wr
26,00
4.00
2.00 
20.80
0.27
1.50 
0.40 
0.10 
2.08 
0.01
13 3-13 8 knap w e e d
aster
lupine
grass
kinnikinnik
serv i c e b e r r y
p o n d e r o s a
wr
c
c
t
t
t
t
1.95
13.60
12.80
2.00
24.00 
2.00
40.00
0.10 
1.36 
4.8 6 
0.10 
2.40 
0.20 
21.40
£ /  Edge sites are ecotones.
£ /  T h e  hi g h e r the number , the greater the p r e f e r e n c e .
3 /  t=trace, c =coramon, wr =well represented. a-abun d a n t
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No use of knapweed rosette leaves was noticed on edge 
sites during the spring. Feeding on green grasses was 
observed but use seemed to be limited due to the presence 
of old litter encompassing new growth.
Forested areas also were heavily utilized feeding 
areas during the winter. Knapweed was found to be 
preferred on 2 feeding sites and preferred similarly with 
aster on another (Table 16). No spring use of knapweed 
rosettes was observed on forested sites.
On scattered pine sites, lupine and mullein were 
preferred most frequently over other plants (Table 17). 
Knapweed was we11-utilized on 1 site (bite preference). 
Similiar winter use was detected between this area and open 
sites. Crusted snow was avoided and travel lanes were 
used. Observed spring use consisted of 1 bite from 1 
rosette leaf.
No knapweed preference measurements were secured on 
knob sites because of time limitations and the
intermingling of deer and elk tracks. Knapweed tops were
consumed on these sites. No spring use of rosettes was 
noticed but bunchgrasses had been grazed. These open sites 
were used by both deer and elk during the winter and early
spring for feeding and bedding sites.
THREEMILE ELK
On the 2 open sites measured, lupine was the preferred
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Table 16. Deer preference ratings for spotted knapweed on
forested sites^ compared to other plants available on the
same feeding site on the Threemile game range.
F e e d i n g Snow Relative Preference^
Site # Da te D e p t h {cm) Species Ava i1. B i tes Weight
1 1-4 15 knapweed c3 4.00 0.30
aster c 10.00 1.00
grass c 1.20 0.06
snowberry wr 0. 00 0.00
2 2-16 18 knapweed t 0.00 0.00
other forbs t 0.00 0.00
grass t 0.00 0 . 00
shrubs a 1.23 0.12
3 2-18 18 knapweed t 12.00 6.00
other forbs t 0.00 0.00
grass t 0. 00 0.00
ponderosa wr 0.80 0.46
4 2-18 18 knapweed t 12.00 0.60
aster t 10.00 1.00
grass t 0.00 0.00
s n owberry c 0.00 0.00
5 2-18 18 knapweed c 20. 80 1.14
other forbs c 9.60 0.96
grass c 0.00 0.00
6 2-21 8 knapweed t 2.00 0.10
lupine t 4 .00 2.50
other forbs t 2.00 0.40
grass t 0. 00 0.00
choke c h e r r y c 3.20 0.32
or e g o n g r a p e c 36.00 11.88
rose c 1.60 0.16
s e r v i c e b e r r y c 0. 00 0.00
s n owberry c 0.00 0.00
2,/ F o r e s t e d  sites are areas with a tree overstory.
£ /  Th e  higher the number, the greater the preference. 
3/ t=trace, c = c o m m o n ,  w r = w e l l  represented, a-abundant
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
50
Table 17. Deer preference ratings for spotted knapweed on
scattered pine sites^ compared to other plants available on
the same feeding site on the Threemile game range.
Feed i ng S now Relative Prefer e n c e
S i t e  # Da te D e p t h (cm) Species A v a i l . B i tes Weigh t
1 1-4 31-46 knapweed c3 0.00 0.00
lupine t 10.00 8.00
grass t 0.00 0.00
p o n derosa c 2.00 6.84
2 2-18 26 k napweed wr 0.93 0.05
lupine t 2.00 1.90
m u l lein t 2.00 1.60
grass t 0.00 0.00
ponderosa c 0.80 1.50
3 2-18 26 k napweed wr 4.53 0.23
m u l l e i n t 2.00 1.60
grass t 0.00 0.00
ponderosa wr 0.27 0.11
4 2-18 26 knapweed t 0.56 0.03
other forbs t 0. 00 0 .00
grass t 2.00 0.10
ponderosa wr 0.40 0.27
2 /  S c a t t e r e d  pine sites are open sites with an o v e rstory 
of p o n d e r o s a  pine less than 3.0 m tall.
2 /  The h i g h e r  the number, the greater the preference.
3/ t=trace, c = c o m m o n ,  wr=well represented, a=abun d a n t
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food item (Table 18). Knapweed was frequently eaten and 
had the highest bite preference on site 1, Ponderosa pine 
was not a preferred elk food on these sites as it was with 
mule deer. Winter use of open study sites was very minimal 
and no spring use of these sites by elk was noticed.
Knapweed was well-utilized on the forested site, but 
weight preference was for lupine (Table 18). In spring, 
green grass and thistles in forested ravines were grazed by 
elk.
Lupine was preferred on a volume basis on most 
scattered pine sites (Table 19) and knapweed was preferred 
on a frequency basis. Ponderosa pine was rarely consumed. 
Elk bedded and fed in scattered pine sites and pawed for 
grasses there. Three orchard grass plants were grazed by 
elk on these sites in the spring. No use of knapweed was 
noticed.
CALF CREEK DEER
Knapweed preference by deer was measured on 1 edge 
site (Table 20). Ponderosa pine had highest weight 
preference and knapweed had highest bite preference.
Winter use of the study section of the range by deer was 
very minimal. Deer concentrated by ravines and rocky 
outcrops near ravines where snow cover was absent or 
minimal. During spring, no use of knapweed rosettes by 
deer was noticed. Spring use of shrubs and alfalfa was
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Table 18. Elk preference ratings for spotted knapweed on open
and forested sites^ compared to other plants available on
the same feeding site on the Threemile game range.
F e e d i n g Snow Relative Preference^
Site # Da te D e p t h (cm) Species A v a i l . B i tes Weight
1 1-12 31 knapweed wr 4.87 0.24
(Open) lupine t 2.00 1.20
grass t 4.00 0.20
ponderosa c 0.00 0. 00
2 2-16 18-31 knapweed a 3.84 0. 19
(Open) lupine t 12.00 8.10
grass t 0 . 00 0.00
ponderosa t 6.00 4.72
3 2-16 31 knapweed c 23.60 1.32
(Forest) lupine t 8.00 7.65
grass t 4.00 0.20
shrubs wr 3.53 0.53
1/ Open sites are g r a s s l a n d s  d o m inated by spotted knapweed and 
fore s t e d  sites are areas with a tree overstory.
2 /  The hi g h e r  the number, the greater the preference.
3/ t=trace, c=c o m m o n ,  w r = w e l l  represented, a = a b u n d a n t
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Table 19. Elk preference ratings for spotted knapweed on
scattered pine sites^ compared to other plants available on
the same feeding site on the Threemile game range.
S n o w Relative Preference^
Site # Date D e p t h {cm) Species Ava il Bites weight
1 2-14 23 knapweed
lupine
grass
ponderosa
wr^
t
t
t
16 .60 
20.00 
0.00 
2.00
. 0.83 
5. 40 
0.00 
1. 50
2 2-14 23 knapweed
lupine
salsify
grass
po nderosa
wr
t
c
wr
c
5. 27 
20.00 
18.00 
0. 53 
0.00
0.28
5.40
0.90
0.03
0.00
3 2-16 21-31 knapweed 
other forbs 
grass 
ponderosa
wr
t
t
c
10.93 
0.00 
6. 00 
0.00
0. 55 
0.00 
4.10 
0.00
4 2-21 31 knapweed
lupine
grass
ponderosa
c
t
t
wr
21.60 
18. 00 
2.00 
0.00
1.10 
6. 40 
0.10 
0.00
V S c a t t e r e d pine sites are open sites wi th an o v e rstory
of p o n d e r o s a  pine less than 3.0 m tall.
1 / T h e  higher the number , the greater the preference.
1 / t=trace, c =common, wr»well represented, a=abundant
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Table 20. Deer preference rating for spotted knapweed on an
edge site^ compared to other plants available on the same
feeding site on the Calf Creek game range.
F e e d i n g Snow Belati ve Preference^
S i t e  # Date Depth(cm) Species Ava i l . Bites We i g h t
1 1-10 15 knapweed wr^ 9.93 0.50
other forbs c 0.00 0.00
grass c 1.60 0.08
snowberry c 0.00 0.00
rose c 0.40 0.04
ponderosa t 4.00 3.00
An edge site is an ecotone.
2 /  T h e  hi g h e r  the number, the greater the preference. 
3/ t=trace, c= c o m m o n ,  wr=well represented, a=abundant
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observed.
CALF CREEK ELK
Preference for knapweed by elk was measured on 4 sites 
(Table 21). Grass was preferred on the edge site. In an 
open area, rose was preferred (weight) over knapweed, but 
knapweed was we11-utilized. In the sagebrush area, 
knapweed was the most frequently eaten forb and had highest 
bite preference, but other forbs were given weight 
preference. On the forested site, knapweed had highest 
bite preference and thistles were highest in weight 
preference.
Areas with a scattering of trees close to forests and 
ravine edges received the most use on the study area by elk 
during the winter. Elk grazed on open south slopes in 
winter and early spring. Elk tracks were followed in early 
spring within the study area and use of green grass and 
mineral licks was observed.
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Table 21. Elk preference ratings for spotted knapweed on various
sites! compared to other plants available on the same
feeding site on the Calf Creek game r a n g e .
Feed i ng Snow Relative Preference^
Site * Date Depth(cm) S p ecies Avail. Bites Weight
1 1-21 3 knapweed wr^ 7.40 0.37
(edge) salsify c 6.80 0. 34
grass c 10.00 0.50
big sagebrush wr 0.00 0.00
p onderosa c 0.00 0.00
2 2-22 26 knapweed wr 9.40 0.48
(open) grass t 0.00 0.00
big sagebrush t 0.00 0.00
rose t 10.00 1.00
ponderosa t 0.00 0.00
3 2-22 26 knapweed wr 25.33 1.29
(sage) other forbs t 14.00 1.70
grass c 0.80 0.04
big sagebrush a 0.03 0.00
ponderosa t 0.00 0.00
4 2-22 46 knapweed t 12.00 0.60
(forest) thistle c 8. 80 4.40
grass t 2.00 0.10
shrubs wr 0.07 0.01
ponderosa wr 0.13 0.04
An e d g e  site is an ecotone; an open site is a grassland 
d o m i n a t e d  by s p otted knapweed; a sage site is an open site 
w i t h  an o v e r s t o r y  of big sagebrush; and a forested site is an 
area with a tree overstory.
2 /  The hi g h e r  the number, the greater the preference. 
t=trace, c = c o m m o n ,  wr=well represented, a=abundant
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VI. DISCUSSION
Winter is the most stressful time of the year for wild 
ungulates. Most forage is nutrient poor during this time. 
Since cervids spend approximately half of each day foraging 
(Hanley 1982), with time increasing as forage quality and/ 
or quantity decreases (Trudell and White 1981), a high 
energy cost is associated with this activity. Therefore, 
it is important for these animals to chose, and be able to 
chose, those plants that meet their protein and energy 
needs.
The past use of the bunchgrass and shrub habitat types 
on the Threemile and Calf Creek game ranges has resulted in 
their present poor range condition. Spotted knapweed has 
invaded these sites and has replaced native plants.
Chemical analyses of the upper stems and dried flowers 
of knapweed reveal this plant part is nutritious throughout 
the winter. These tops have a relatively high percent 
crude protein compared to grasses. This protein source, in 
association with a high fiber and low lignin content, 
should provide the herbivore with a digestible forage. 
Utilization of knapweed by herbivores seems to be 
restricted to the flower tops because of cnicin 
concentrations in the leaves. Therefore, only a small 
portion on the plant is being consumed by elk and deer. 
Several stems of knapweed were found lying on top of the
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snow on deer feeding sites. It seems deer were trying to 
eat these stems but cnicin concentrations in the leaves 
were distracting them.
Food habit studies using the bite method can over- or 
under-estimate the percent use of a plant as forage since 
different volumes of plants are consumed. The percent 
utilization of knapweed growing in open areas can easily by 
over-estimated because the tops are brittle and easily 
broken. Pellet or rumen analyses indicate a plant's use as 
a forage. The main weakness of these analyses is that 
easily digested plants may not be observed in samples and 
subsequently recorded as part of an animal's diet.
Forage preference measurements have not been
previously performed under natural conditions. Preference 
ratings derived from forage use measurements using a weight
method estimates the percent forage use of a plant more
accurately than the alternative bite method because 
different volumes from plant species are consumed. Ocular 
availability measurements of cover percentage groups above 
snowline is necessary to obtain data in a limited amount of 
time. Consistent use of the median numbers from cover 
groups in calculating preference ratings may also reduce 
errors that may otherwise occur if trying to occularly 
measure an actual cover percentage.
Obtaining use and availability data by tracking 
animals in the snow is often the only way to record
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information about a certain species of animal. Problems 
that can be encountered when collecting preference data 
are: a difference between recent and older bites cannot
always be detected; plant availability can change quickly; 
use measurements can be biased on feeding sites with snow 
and bare ground coverage since bites are harder to 
determine where there is no snow; and there needs to be a 
fresh snow cover each time measurements are taken.
The winter of 1985-86 was mild. Monthly snow 
precipitation was low, excluding February, and temperatures 
throughout most of the winter were higher than normal. Few 
deer and elk used the study areas of the game ranges. The 
largest mule deer herd observed on the Threemile range 
consisted of approximately 20 animals. Seventeen elk were 
observed on 14 February. Groups of less than 10 mule deer 
were seen on the Calf Creek range. Four white-tailed deer 
were observed in April. The largest elk herd, estimated 
from tracks and beds, was 12 animals. Four elk were seen 
in April.
Deer and elk winter use of knapweed-dominated open and 
sagebrush areas was minimal. Feeding and bedding on these 
sites was observed in January during a clear, cold, snowy 
period. Deer and elk pawed for forbs and grasses on these 
sites. Feeding was minimal, seemingly due to a lack of 
preferred forage. These areas were not important feeding 
sites but are used in conjunction with other habitat
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requirements, such as bed sites for obtaining radiational 
warmth.
Hakin (1975) measured range condition on 6 sites on 
the Threemile game range and evaluated relative winter and 
spring use by elk and deer by counting winter and spring 
pellet groups on these sites. The sites sampled are listed 
in order of decreasing animal use: bluebunch wheatgrass,
bluebunch wheatgrass-columbia needlegrass (Stipa 
Columbiana), yarrow, crested wheatgrass (Agropyron 
cristaturn)-alfalfa, crested wheatgrass, and knapweeed. The 
bluebunch wheatgrass site had highest grass production and 
over 2000 pellet groups per acre; 1,575 pellet groups were 
elk and 635 pellet groups were deer. The knapweed site had 
only 43 pellet groups per acre; 35 were from elk and 8 from 
deer, Hakin's study strongly suggests an avoidance by deer 
and elk of knapweed-dominated areas as compared to other 
more productive sites.
Deer and elk use of the Calf Creek game range is
influenced by the presence of a 8907 ha private sanctuary
called the Stock Farm. This area is closed to hunting and 
elk and deer move onto this area in the fall and remain 
during the winter. The Stock Farm provides 5668 ha of good 
foothill winter range for these animals (Firebaugh, pers. 
comm.). State spring flight records (Firebaugh, 1986) for 
1986 recorded 727 elk sightings between Willow Creek (north
of the range) and Skalkaho Creek (south of the range).
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Ninety-five percent or 691 elk were sighted on the Stock 
Farm ,
Closing the Calf Creek range to vehicular use before 
the hunting season may attract more elk and mule deer onto 
the range. However, the poor condition of much of the 
range cannot support many animals.
Deer and elk pellet samples are believed to be 
representative of mule deer and elk ranging in and near the 
game ranges since animals moved freely in and out of the 
study areas and knapweed is found throughout both ranges. 
The dominant deer winter forage on both ranges consisted of 
oregongrape, ponderosa pine, and Douglas-fir. These 
evergreen plants seem very palatable and highly preferred 
by mule deer. The higher consumption of ponderosa pine to 
Douglas-fir by Threemile deer and vice versa for Calf Creek 
deer is probably influenced by these trees different 
availability where the deer are ranging. Deer consumption 
of deciduous browse was observed to be greatest after a 
heavy snowfall. Deciduous browse received little use in 
comparison to evergreen browse during the winter, and is 
probably lower in digestibility. Compared to other 
available forage, the high consumption of evergreen browse 
may be influenced by the palatabi1ity of these plants, the 
high protein content of green forage and browse in general, 
a lower energy cost associated with consuming large bites 
from these plants, and the low availability of more
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preferred forages.
Willow and Rubus were the only deciduous shrubs found 
in appreciable amounts in deer pellets. Geis (1954),
Hungerford (1952), and Boll (1958) found willow to be the 
most preferred deciduous shrub by elk. Willow consumption 
by deer in March may parallel initial sap rise in this 
shrub and corresponding deer preference for nutrient-rich 
forage. The high consumption of Rubus, also a wet-site 
plant, by deer on both ranges in April implies this shrub 
is also an early available nutrient source.
Pellet analyses prove that deer on both ranges 
consumed knapweed throughout the study period. Mean use 
was 4.6% and 6.9% on the Threemile and Calf Creek ranges, 
respectively. Percent use of knapweed seemed to be 
positively correlated to its availability since the highest 
consumption was observed on sites where it was abundant. 
However, knapweed had highest preference ratings in 
forested sites with either trace or common availability 
cover as compared to other measured sites. It was not 
brittle nor was it fully-developed and dry. These plants 
may have a higher protein content than those sampled from 
openings in the forest. Deer may be selecting these plants 
because of a high protein content and are not negatively 
influenced by the higher lignin content associated with 
forest plants. Swift (1948), Longhurst et. al. (1968), 
Healy (1971), and Willms and McLean (1978) found that deer
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select the more nutritious forages when they are available. 
Percent use of these knapweed plants does not seem very 
important because of their low availability.
Knapweed was found to have a higher preference rating 
than categories of grasses, forbs, and deciduous shrubs on 
some feeding sites. Grasses on these sites were mainly 
small patches of smooth brome (Bromus inermis) or widely 
scattered bluegrass stems that had a similar or lower 
availability coverage than knapweed. Forbs were small in 
size and also widely scattered with a similar or lower 
availability coverage than knapweed.
The higher preference rating for knapweed to those of 
grasses and forbs seems to be influenced by the higher 
availability of knapweed. Most measured feeding sites had 
substantial snow cover. However, this lower coverage alone 
cannot explain knapweed's preference since lupine also had 
lower coverage than knapweed but was preferred over it.
The unpreferred forbs and grasses on these measured sites 
are also dry like knapweed but are probably lower in 
nutrients. Many forbs and grasses on these poor-condition 
sites are characteristic of low-quality forage.
Grasses were found in extremely low quantities in deer 
pellets. It seems grasses were not a preferred deer forage 
on these ranges either due to low availability because of 
snow cover and/or low nutrient quality of grasses available 
to deer where they are ranging.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
64
Some forbs, such as lupine and balsamroot, were highly 
preferred deer forages. Their high and low usage during 
the study months indicates that their percent use is 
dramatically influenced by snow cover. Knapweed, however, 
is almost always available. Use of this plant may be 
lowest during periods of heavy snowfall when deer move to 
the forest cover where this weed is found in least 
abundance.
The higher preference rating for knapweed over
deciduous shrubs does not seem to be influenced by
availability. The shrub least preferred on measured sites 
was snowberry. The stems of this shrub are thin and dry,
unlike most other shrubs. Pellet analyses indicate willow
and thimbleberry were the most preferred deciduous shrubs 
during the study.
Because few elk preference data were obtained, limited 
inferences can be stated concerning a knapweed preference 
over other plant species. However, the higher elk 
preference of knapweed to forbs and grasses on some 
measured feeding sites may also be explained by a lower or 
relatively equal availability of lower-quality grasses and 
forbs.
The high consumption of fescue by elk on both ranges 
is not suprising, especially since the winter was mild. 
Threemile elk had a more versatile diet than Calf Creek 
elk, probably because of a lower availability of the highly
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preferred fescue. Consumption of fescue by elk was highest 
in April on both ranges and no utilization of knapweed was 
observed or documented during the spring.
The higher percent use of Douglas-fir as compared to 
ponderosa pine may also be related to a higher availability 
where they are ranging, Ponderosa pine was not a preferred 
forage on any elk feeding site. Consumption of shrubs by 
elk was not high but species utilized were also those used 
by deer. Therefore# a potential competition exists between 
these animals for these shrubs.
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VII. CONCLUSION
On the Bitterrroot game ranges, spotted knapweed 
seemed to be consumed by elk and deer predominately as a 
response to its high availability. Generally, knapweed was 
preferred over less available and/or less desirable plants. 
Percent use was low considering its high availability and 
because only the tops were utilized as forage by deer and 
elk.
Positive attributes of knapweed are: it is a tall
forb that persists throughout winter and is available as 
forage for elk and deer; the flower tops provide protein 
and energy for herbivores; elk and mule deer are eating 
these tops in the winter (with deer use continuing through 
spring); and the presence of knapweed is deterring soil 
erosion on ranges in poor condition. The negative aspects 
of knapweed are more monumental. This weed's presence has 
drastically reduced grass and forb production of more 
desirable forage plants which has resulted in extremely low 
use of these sites for foraging. The litter that has 
accumulated as a result of this low site use is also 
causing spring growth of plants to be delayed.
Elk seem more negatively affected than mule deer by 
the presence of knapweed. Elk diets are usually not as 
versatile and are dominated, whenever possible, by grasses, 
especially fescues. These grasses are being replaced by
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knapweed.
Removal of this weed by sheep grazing could cause 
serious erosion and political problems and would not get 
rid of the knapweed seeds. Herbicides would have to be 
used to kill the seedlings. Replanting with native 
bunchgrasses may require continuous herbicidal spraying 
since a bare ground component, in which knapweed can 
reseed, is typical of bunchgrass ranges. Present 
biological controls are not effective at reducing or 
stopping the spread of knapweed. The only alternatives are 
to take no action or to spray and replant with more 
desirable rhizomatous grasses. Proper summer and fall 
cattle grazing of these grasses would prevent the build-up 
of grass litter.
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